1. Introduction {#sec1}
===============

Physical activity is globally considered as an important modifiable risk behavior that contributes to prevent major noncommunicable diseases (NCDs).[@bib1] In terms of cardiovascular benefits, physical activity improves different parameters of heart including myocardial contractility, cardiac output, endothelial function, and fibrinolytic activity.[@bib2] Although physical activity has various cardiovascular benefits, worldwide the proportion of physically inactive adult population is 31%, and among them, women form a predominant section.[@bib3] Again, it has been reported that the surge of cardiovascular disease (CVD) in postmenopausal women may be partially explained by their lifestyle factors, especially low physical activity level (PAL).[@bib4] Current evidence reveals that there is, in fact, a beneficial relationship that exists between PAL and CVD among postmenopausal women.[@bib5] However, the results of research on the relation between PAL and the risk of CVD in postmenopausal women are inconsistent.[@bib6] Hence, further studies are required to provide new data to clarify the role of physical activity in the prevention of CVD development in postmenopausal women.[@bib6]

Bangladesh is bearing a huge burden of CVD resulting from ischemic heart disease and stroke.[@bib7] A recent rural study demonstrated a dramatic increase in CVD mortality among Bangladeshi women (47 folds) compared with men (30 folds).[@bib8] This finding is similar to other studies conducted in different parts of the world where an increased prevalence of coronary artery disease (CAD) in postmenopausal women was observed.[@bib9], [@bib10] It has been reported that women experience the first event of CVD usually after menopause, and hence this period is a landmark for impending CVD in this group.[@bib11] Again, although previous studies reported inverse relationship between PAL and CVD, most of them were conducted in men.[@bib12], [@bib13] The relationship between PAL and risk of CVD in menopausal women however remains understudied, although the benefits as found in men are also anticipated in them.[@bib14] In Bangladesh, as per our knowledge, only one representative study has been conducted in the year 2010 on the PAL of adult population, which was based on STEP-wise approach to Surveillance (STEPS) of NCD risk factors.[@bib15] The study determined PAL among general population and provided only baseline data. Thus, evidence-based information about PAL of Bangladeshi postmenopausal women is absolutely lacking. In these circumstances, the main objective of this study was to measure the PAL and evaluate its association with other CVD risk factors among the study population. In addition to this, we assessed the distribution of CVD risk factors at various PALs among these women.

2. Materials and methods {#sec2}
========================

2.1. Study population {#sec2.1}
---------------------

A total 265 postmenopausal women in the age range of 40--70 years of age who visited the outpatient department of a primary health-care center situated in the village Karamtola of Gazipur district were enrolled in this cross-sectional study from February to December 2016. Menopausal status of them was defined as no menstrual bleeding for a period of at least 12 months and no other clinical condition causing amenorrhea.[@bib16] The selection was carried out through convenient sampling technique, and individuals were categorized as having 'no CVDs' based on their self-reported statement, clinical history, and medical records review. Postmenopausal women with acute illness or unwilling to participate were excluded from the study. A standardized pretested questionnaire was used to collect data through face-to-face interview, and informed written consent was obtained accordingly. A modified STEPS questionnaire of the World Health Organization (WHO) was used to gather sociodemographic and behavioral information of the participants.[@bib17] Their PAL was measured as described in the following.

2.2. Measurement of PALs {#sec2.2}
------------------------

To determine the PAL, a Microsoft Excel spreadsheet template was used which was based on the Estimated Energy Requirement (EER) equation of the Dietary Reference Intakes (DRIs) Committee, proposed by Gerrior et al.[@bib18] The basic components of the spreadsheet were age, sex, weight, height, basal energy expenditure (BEE), list of activities with number of days and duration, Metabolic Equivalent of Tasks (METs), total caloric cost of the activity (Δ PAL), PAL, physical activity coefficient (PA), and total energy expenditure (TEE).

In the Excel spreadsheet, five predefined formulas were used to determine BEE, Δ PAL, PAL, PA, and TEE (not used in this study). At first, values of age, sex, weight, height, and last 24 hours\' activities with duration and MET against each activity were entered into the required data field of the Excel spreadsheet. As the values were entered in the required data fields, BEE was automatically calculated based on the following equation:$$BEE = 247 - 2.67 \times \text{age}\mspace{2mu}\left( \text{years} \right) + 401.5 \times \text{height}\mspace{2mu}\left( \text{meters} \right) + 8.6 \times \text{weight}\mspace{2mu}\left( \text{kg} \right)$$

The next step was the automatic calculation of the impact of each reported PA on Δ PAL. This formula, set in the template, was as follows:$$\Delta PAL\  = \frac{\left. \left( METs\ –\ 1 \right)\  \times \ \left\lbrack \left( 1.15/0.9 \right)\  \times \ Duration\ \left( minutes \right) \right\rbrack/1440 \right)}{BEE/\left\lbrack 0.0175\  \times \ 1440\  \times \ weight\ \left( kg \right) \right\rbrack}$$

Then, the PAL was determined based on the basal activity impact on energy expenditure (a factor of 1.1) and the sum of all activities (sum of Δ PAL). This factor counted for thermic effect of food (TEF) and postexercise increased in energy expenditure. The PAL was automatically calculated according to following predefined formula:

PAL = 1.1 + sum of Δ PALi, where Δ PALi is the list of each reported activity impact on energy expenditure.

The value of PAL was used to generate PA by the Microsoft Excel logic function, and following criteria were used to determine the PAL of an individual:

*Sedentary: PA* = *1.0, when 1.0* ≤ *PAL* \< *1.4.*

*Low active: PA* = *1.14, when 1.4* ≤ *PAL* \< *1.6*.

*Active: PA* = *1.27, when 1.6* ≤ *PAL* \< *1.9*.

*Very active: PA* = *1.45, when 1.9* ≤ *PAL* \< *2.5*.

The formula to determine the physical activity for women using the Microsoft Excel logic function was

IF (PAL≥1.9, "1.45", IF (PAL≥1.6,"1.27", IF (PAL≥1.4,"1.14", IF (PAL≥1,"1", [""]{.ul}))))

A previous relevant study in Bangladesh used the Global Physical Activity Questionnaire (GPAQ) to measure the level of PA.[@bib15] In the GPAQ, increases in heart rate and breathing are used to address the PALs. But, it was reported that heart rate--based measurement of physical activity may not provide accurate data other than a general picture of physical activity pattern.[@bib18] Hence, in the present study, we decided to apply a new method of physical activity measurement based on the EER equation of the DRIs Committee. Pretesting was done to validate the method as it was not applied for Bangladeshi population before. However, this method used doubly labeled water data of both predicted and observed levels of physical activity to assess physical activity patterns. This doubly labeled water (DLW or free-living indirect calorimetry) is a gold standard method commonly used to increase the precision and accuracy of physical activity measurement worldwide.[@bib18], [@bib19] Further details about the EER equation, its components, and the calculation of PA have been described elsewhere.[@bib18]

2.3. Cardiovascular risk factors assessed {#sec2.3}
-----------------------------------------

In this study, we assessed distribution of CVD risk factors at different PALs and examined the relationship between them. We analyzed the following CVD risk factors:

Nonmodifiable risk factors: age, age at menopause, duration of menopause, and family history of NCD.

Behavioral risk factors: use of oral contraceptive pill (OCP), tobacco use (smoking and smokeless), extra salt intake (\>5 g/day), and physical activity.

Cardiometabolic risk factors: generalized obesity, central obesity, hypertension, diabetes mellitus (DM) (fasting plasma glucose and 2-h plasma glucose), hypercholesterolemia, low level of high-density lipoprotein (HDL), and high level of triglyceride (TG) and low-density lipoprotein (LDL).

2.4. Physical measurement {#sec2.4}
-------------------------

Anthropometric parameters (height, weight, waist circumference, and hip circumference) and blood pressure (BP) were measured following the methods described in the STEPS survey of Bangladesh.[@bib20] Body mass index (BMI) was used to determine generalized obesity and classified according to the international guideline.[@bib21] Again, to determine central obesity, we followed the WHO guideline.[@bib22] Hypertension was diagnosed based on the "Seventh Report of the Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7)" when systolic BP was ≥140 mmHg and/diastolic BP was ≥90 mmHg or a person was a known hypertensive or on antihypertensive drug.[@bib23]

2.5. Biochemical parameters {#sec2.5}
---------------------------

In this study, diabetes population comprised newly diagnosed DM using WHO criteria (fasting plasma glucose ≥7.0 mmol/l or 2-h plasma glucose ≥11.1 mmol/l) and self-statement of a person as known diabetic or on antidiabetic medication.[@bib24] Oral glucose tolerance test (OGTT) was carried out for those who did not know their glycemic status. To define lipid abnormality, the Adult Treatment Panel (ATP) III cutoff value was considered as ≥240 mg/dl for hypercholesterolemia, \<40 mg/dl for low level of HDL, \>199 mg/dl for high level of TG, and \>159 mg/dl for high level of LDL.[@bib25] For biochemical tests, 5 cc of venous blood was collected with aseptic precaution in fasting state, and again 3 cc was collected after 2 h of 75 g of glucose intake.

Ethical approval to conduct the study was obtained from the Ethical Review Committee of Bangladesh University of Heath Sciences.

3. Data processing and analysis {#sec3}
===============================

Data were analyzed using the Statistical Package for Social Science (SPSS), version 20.0. The CVD risk factors were categorized as 'Yes' or 'No', and the 'Yes' category was showed and analyzed in the frequency table. The prevalence of CVD risk factors at various levels of PA were presented as proportions with 95% confidence intervals (CIs). Pie diagram was used to represent the prevalence of various categories of physical activity as proportions. Again, age was categorized into four groups (40--49 years, 50--59 years, 60--69 years, and \>69 years) to show the distribution of various levels of PA among the age groups. This distribution was presented as percentage using multiple bar graphs. The spearman\'s correlation was run between physical activities, MET value, and other CVD risk factors to show the association between them. The *r* value was considered statistically significant at a threshold of *p* \< 0.05.

4. Results {#sec4}
==========

4.1. Physical activity levels {#sec4.1}
-----------------------------

Among 265 postmenopausal women, more than half (58.1%) were habituated to lead a sedentary lifestyle, one fourth (26%) were detected as low active, and rest of the participants\' physical activity varied from active to very active ([Fig. 1](#fig1){ref-type="fig"}). In each age group, sedentary participants were comparatively predominant, and their distribution was highest in the age category of 50--59 years ([Fig. 2](#fig2){ref-type="fig"}).Fig. 1Physical activity levels among postmenopausal women, *n* = 265.Fig. 1Fig. 2Distribution of physical activity levels at different age groups of postmenopausal women, *n* = 265.Fig. 2

4.2. Burden of CVD risk factors at different PALs {#sec4.2}
-------------------------------------------------

All the CVD risk factors were distributed with high proportion among the sedentary participants compared with others. Overall, one third of the participants had a family history of major NCDs, and more than half of them were found sedentary in their lifestyle. Same findings were also observed in OCP users. Nearly half of the total participants had the bad habit of extra salt intake in meal and use of smokeless tobacco. Regarding cardiometabolic risk factors, prevalence of central obesity was highest (73.2%) and really at alarming level. Next to central obesity, 37.7% of the postmenopausal women were hypertensive, and prevalence of hypercholesterolemia was more than that of DM (25.7% vs 20.8%). Among the components of lipid profile, low level of cardiac-friendly HDL cholesterol was distributed in higher proportion than others, and proportion of each component of lipid profile was almost same (more than half of overall percentage) among the sedentary respondents ([Table 1](#tbl1){ref-type="table"}).Table 1Distribution of cardiovascular disease risk factors according to physical activity levels, *n* = 265.Table 1VariablesLow active (*n* = 69)Active (n-31)Very active (*n* = 11)Sedentary (*n* = 154)Overall (*n* = 265)%95% CI%95% CI%95% CI%95% CI%95% CIFamily history of NCD8.72.0--15.42.3−3 to 7.61.1−5.1 to 7.318.112.0--24.230.224.7--35.7Oral contraceptives use9.82.8--16.84.9−2.7 to 12.51.9−6.2 to 10.017.711.7--23.734.328.6--40.0Overweight6.80.9--12.72.33.0--7.61.9−6.2 to 10.012.87.5--18.123.818.7--18.9Generalized obesity0.8−1.3 to 2.90.8−2.3 to 3.90.8−4.5 to 6.15.31.8--8.87.54.3--10.7Central obesity17.48.5--26.39.4−0.9 to 19.72.6−6.8 to 12.043.836--51.673.267.9--78.5Smoking0.8−1.3 to 2.90.00.00.00.00.8−0.6 to 2.21.50.0--3.0Smokeless tobacco use12.14.4--19.85.3−2.6 to 13.22.6−6.8 to 12.032.525.1--39.947.541.5--53.5Extra salt intake[a](#tbl1fna){ref-type="table-fn"}9.82.8--16.84.5−2.8 to 11.81.5−5.7 to 8.729.121.9--36.344.938.9--50.9Diabetes mellitus4.2−0.53 to 8.91.5−2.8 to 5.81.9−6.2 to 10.013.27.9--18.520.815.9--25.7Hypertension9.12.3--15.94.9−2.7 to 12.51.5−5.7 to 8.722.315.7--28.937.731.9--43.5Hypercholesterolemia5.70.23--11.12.3−3.0 to 7.60.00.017.711.7--23.725.720.4--31.0Low HDL[b](#tbl1fnb){ref-type="table-fn"}7.21.1--13.32.6−3.0 to 8.21.1−5.1 to 7.315.19.4--20.826.020.7--31.3High triglyceride[c](#tbl1fnc){ref-type="table-fn"}5.70.23--11.21.9−2.9 to 6.71.1−5.1 to 7.315.59.8--21.224.219.0--29.4High LDL[d](#tbl1fnd){ref-type="table-fn"}5.70.23--11.21.1−2.6 to 4.80.00.014.08.5--19.520.815.9--25.7[^1][^2][^3][^4][^5]

4.3. Association between PA and CVD risk factors {#sec4.3}
------------------------------------------------

A negative and statistically significant correlation was found between MET value and age (*r* = −0.228, *p* \< 0.01), age at menopause (*r* = −0.129, *p* \< 0.05), duration of menopause (*r* = −0.183, *p* \< 0.05), 2-h plasma glucose (*r* = −0.148, *p* \< 0.05), total cholesterol (*r* = −0.138, *p* \< 0.05), LDL cholesterol (*r* = −0.122, *p* \< 0.05), and TG (*r* = −0.168, *p* \< 0.01) ([Table 2](#tbl2){ref-type="table"}).Table 2Spearman\'s correlation between MET of physical activity and CVD risk factors among postmenopausal women, (*n* = 265).Table 2Variables*rp*-valueAge−0.2280.000\*Age at menopause−0.1290.035\*Duration of menopause−0.1830.003\*Fasting blood glucose−0.0920.1352-h plasma glucose−0.1480.028\*Total cholesterol−0.1380.024\*HDL cholesterol0.0850.166LDL cholesterol−0.1220.048\*Triglyceride−0.1680.006\*Systolic blood pressure−0.0620.316Diastolic blood pressure−0.0730.235Body mass index−0.0130.831Waist hip ratio−0.0470.445[^6][^7]

5. Discussion {#sec5}
=============

Postmenopausal women of Bangladesh are an apparently high-risk group of CVD, but without including them in the nationwide CVD prevention program, the NCD-related global target will remain unachievable. In this perspective, the present study detected more than half of the postmenopausal women as sedentary in their lifestyle, residing in a rural area of Bangladesh. This result is nearly double of the study by Moniruzzaman et al which reported that 31.6% of the Bangladeshi adult women (25 years or older) residing in a rural area are inactive.[@bib15] Again, countrywide prevalence of insufficient physical activity among adult women reported by Moniruzzaman et al was also lower (53.6%) than that in the present study. This comparative finding also remained consistent in accordance with other studies conducted among postmenopausal women of low- and middle-income countries such as India and Cameroon where the proportion of physically inactive participants was 55% and 51.9%, respectively.[@bib26], [@bib27]

Physical inactivity is a behavioral risk factor that gives rise to develop certain cardiometabolic risk factors such as obesity, hypertension, DM, and abnormal lipid profile. In our study, all these risk factors were highly prevalent and showed agreement with the previous studies that reported high proportion of central obesity,[@bib26], [@bib28], [@bib29] hypertension,[@bib28], [@bib29] diabetes,[@bib28], [@bib29] hypercholesterolemia,[@bib28], [@bib29] and hypertriglyceridemia[@bib28], [@bib30], [@bib31] among postmenopausal women. The high prevalence of low HDL cholesterol level in the present study is supported by another study conducted among postmenopausal women of Iran.[@bib32] Other than physical inactivity, some other underlying factors may be contributed for emergence of these cardiometabolic risk factors among Bangladeshi postmenopausal women. One possible reason is ovarian failure with estrogen deficiency. The estrogen deficiency during postmenopausal period is thought to be responsible for a significant proportion of increased cardiometabolic risk factors among postmenopausal women.[@bib33] High central adiposity trait in the present study is not surprising as high level of adiponectin present in women\'s body favors centralization of body fat during menopausal transition.[@bib34] In our study, parameters of blood pressure showed no significant correlation with the physical activity. So possible explanation for hypertension in the present study could be high salt intake behavior of the respondents.

Our study found significant association between MET value and CVD risk factors. Among the modifiable risk factors, significant inverse relationship between components of lipid profile (total cholesterol, LDL cholesterol, and TG) and MET is notable. Evidence suggested that lipid profile in postmenopausal women is a controversial issue and that the associated physical inactivity makes it more complex.[@bib35] Moreover, relationship between physical activity and each component of lipid profile showed inconsistent results. The inverse relationship of our study between physical activity and components of lipid profile was consistent with the findings of other studies for total cholesterol,[@bib35], [@bib36], [@bib37] LDL cholesterol,[@bib35], [@bib37] and TG.[@bib35], [@bib36] However, there are some other studies that found no relationship for total cholesterol,[@bib38], [@bib39] LDL cholesterol,[@bib38], [@bib39] and TG.[@bib37], [@bib39] The possible reasons of this variation may be due to (1) the method of assessment of physical activity, (2) consideration of hormone replacement therapy (HRT), and (3) assessment of physical fitness in terms of physical activity. It has been documented that some studies used VO^2^ to assess physical fitness[@bib35], [@bib36], [@bib37], [@bib38], [@bib39] rather than physical activities, whereas other studies considered HRT[@bib35] and other excluded,[@bib40] even some studies adjusted current HRT[@bib35], [@bib38] during analysis and others considered past HRT[@bib37] to establish relation between lipids and PAL among postmenopausal women. In Bangladesh, among rural postmenopausal women with inadequate access to essential drugs, use of HRT is very rare, and hence, we did not include HRT in our study. Regarding methodological concern, subjective and objective measurement of physical activity is an important issue which may impact on variation in the results of the study. It has documented in both cross-sectional[@bib40] and longitudinal study[@bib41] that physical activity as measured objectively was not related to lipid levels. So the relation between physical activity and lipids demands further studies to reach a valid conclusion considering the aforementioned factors.

DM is considered as a prognostic factor of CVD, and the present study identified a significant inverse relationship between blood glucose (2-h plasma glucose) and MET value. This indicates that physically inactive postmenopausal women are at high risk of developing DM, and the same findings are also described in another study conducted among postmenopausal women.[@bib42] The 2-h plasma glucose is an independent and important metabolic parameter to detect progression of subclinical atherosclerosis as it increases carotid intima-media thickness and subsequently the risk of CAD.[@bib43] According to the report of a WHO/International Diabetic Federation consultation,[@bib24] increasing 2-h plasma glucose is associated with increased risk of fatal and nonfatal CVD across the diabetic to nondiabetic range. An Australian study also demonstrated an independent and strong dose--response relationship between physical activity and 2-h plasma glucose[@bib44]

Several factors might impact on the results of this study. The most important one is the subjective measurement of physical activity which is associated with the probability of recall bias. Moreover, rural population usually is not conscious about its duration of activities in minutes and hours. Besides this, the small sample size limits to generalize the data.

Other than these limitations, the study is important from the view of public health as it addresses an important health issue of a high-risk population that remains neglected most often by the policy makers of developing countries. This study is unique as the first study of Bangladesh which assessed PALs and their association with CVD risk factors in a vulnerable population of rural setting. Again, this study generated baseline data for PALs of postmenopausal women which may provide direction to conduct a large-scale cohort study in future.

6. Conclusion {#sec6}
=============

The high proportion of physically inactive postmenopausal women in a rural area of Bangladesh alarms us about the future explosion of CVD among them. Again, inverse relation of CVD risk factors with MET value demands further lifestyle interventional studies among this high-risk population of Bangladesh.Key messagesWhat is already known?Beneficial relationship exists between physical activity and CVD among postmenopausal women.What this study adds?First time, PALs and their association with CVD risk factors are assessed among postmenopausal women of Bangladesh.
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[^1]: NCD, noncommunicable disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

[^2]: Salt intake \>5 g per day.

[^3]: HDL \<40 mg/dl.

[^4]: Triglyceride \>199 mg/dl.

[^5]: LDL \>159 mg/dl.

[^6]: MET, Metabolic Equivalent of Tasks; CVD, cardiovascular diseases; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

[^7]: \*Spearman\'s correlation coefficient *r* was significant at a threshold of *p* \< 0.05.
